When a magnetic field B = (0, 0, B z ) is applied perpendicular to the plane of a spin injection and detection device consisting of a nonmagnetic metal (N) connected to the ferromagnets of the injector (F1) and the detector (F2) with the magnetizations (white arrows) along the y direction, the injected spins in the N electrode precess around the z axis parallel to B, as shown in Fig. S1 .
Non-local resistance in a lateral spin valve
When a magnetic field B = (0, 0, B z ) is applied perpendicular to the plane of a spin injection and detection device consisting of a nonmagnetic metal (N) connected to the ferromagnets of the injector (F1) and the detector (F2) with the magnetizations (white arrows) along the y direction, the injected spins in the N electrode precess around the z axis parallel to B, as shown in Fig. S1 .
When the spin-current 1 
where sf τ is the spin lifetimes, D N is the spin diffusion constant, and A N is the cross-sectional area of N electrode, e i is the unit vector of the i-th direction, and the spin current is taken to be the same unit as charge current. In perpendicular magnetic fields smaller than the demagnetization field, the out-of-plane component S z of the spin density is small and is disregarded for simplicity.
In the steady state ( / 0), t ∂ ∂ = S Equation (S1) is solved to yield the spin density S = (S x , S y , 0) in 
where em ( , ) P x t is the transit-time distribution function: ( ) 
The boundary conditions also lead to the non-local voltage V due to the spin accumulation detected by F2,
where the minus sign indicates the absorption of spin current by F2. Using the solution of the matrix equation (S10), we obtain the non-local resistance
X is the determinant of the matrixX in (S11) and C 12 is the (1, 2) 
When junctions 1 and 2 are tunnel junctions (R Ik >> R N , R Fk ), (S13) reduces to [21, 44] ( )
In the absence of perpendicular magnetic field, (S13) reduces to the previous result of [24] .
Simulated Hanle curves for a graphene based lateral spin valve
In order to underscore the validity of our analysis, we fit the reported Hanle signal for a graphene based lateral spin valve with transparent junctions [8] . As shown in Fig. S2 and table SI, the deduced spin lifetime and diffusion constant are consistent with those from tunnel junctions.
w F = 50 nm, w N = 2200 nm, λ F = 60 nm, ρ F = 6 μΩcm, R I = 285 Ω, σ N = 0.35 mS are taken from ref.
[8]. Co/Graphene junction. 
Spin valve measurement
In order to make the analysis simple, we used the same widths of Py wires. The switching field of each Py wire was controlled by the domain-wall nucleation, i.e., the injector had a large domain wall reservoir at the edge, producing lower switching field than the detector as shown in Fig. S3 [47] .
The initial state of the Hanle measurements was set as follows. For the parallel state, firstly
Py was initialized by the large field (~ 1000 Oe), and then the field was set to zero. For the antiparallel state, firstly Py was initialized by the large field, and secondly the field was decreased to over the first switching field (~ -100 Oe), finally the field was set to zero. 
